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C57) CS*^] 

fiUKc^Si^-c. #to«)rffi^Rl©i'yai^#i^B^'i'x 

>#iteS■>x-/^{c,%i»!)^S^ • O^M 
■fx— >». 



^k:F-7*-r-5^iSS<&. 1 X 1 0^°~5 X 1 O^'at 10 
ons/on' «:-riC<i:*#®<!:-r5S!*^l(C^L.fc-> 

»fC^* $ n^S^rSS^ . 1 . 2X10^' atotns/cm' 

JSiiTKi-r -5 c t ^^mt-r^n^m i sfcttii^^iE k 

[ft attf 4 ] BuiH-? x-/^^c^^l^^ - .^si^spgg 
fc J; f) jjn^ 110 0 -c-i^ y ^ xDHL-sti 

T©ias-c, 1-6 o#rBitf^c5c<t<&#sii-rsss* 20 

/^-c^>•:>r. '^7x-y^«MJl©ie^^^ra©mS55^l oy 
/cm' J«T-C*SC<b*«F8iif *'>y=i>#ifeS'? 

/^■e^>■:>-C> -i/x— /N^M*^6 0. 2 /im©g|?*f© 
««{c*jl:f^.COPmS*5 8x 1 0* ^cm' J«T-C 

[0 0 0 1 ] 

ffi(KT. CZ^it,^^) CCj;oT^'y3>^i^B^?r?l 

n->-r> (Gr own - i n) ^^ii¥(iti-2>^B^i«: 
fiB©-!f-/X^/jN3<-r'5<!:<b€>«:. ■^xwNfcHilflnl^ 
• ^ji^^SPSIgf c J: ri^SOI^Mffi^Sn^ -5 C i OC J: 

-^r. •?x-.'%^M©l§Si>^^^*bfci^y=3>*ie 
s-i;x-^^*li^^stt•c$^^g■r*:ws. *s<fccjfc©:&^ 

[0 002] 
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fc^^)©>>x->'^i^T». i«:5^3i'7;i';?i=^=-ffi (c 
Zffi) {cJroTWfiR^tifc, ->■;=I>#$gB1l'i7x->'^*^ 

Ma^«dSi*s?^-rS t . ^|i^f=/-?^ XflFigl^^C/^•3r- 
^'ft3nfc7^^^•-^:^K:fc^^s-'^•5f->lti^^. o. 35 
si'i3>«T<!:t,»-:>/t#^K:ati|ffli-5:-3-Cl^.Sfcto. C 

(DJ:^rj:j-<i!->mi^f^iC\ti, 0. 1 5 i7D>-y-w'X® 

u-yx. '>y=I>^s■?x-/^{c??aEr5ifes 
[0 0 0 3 ] ^{cgiaK^ioT. cz&jciowissn 

ti>^oym^CKmitmm u^ju-cmms nr u isw^c 

1 mm/m i nJSUi) "e^I^itf 
6n?c^S^r-tt, Secco^(K, Cr, O, 
Mt7k©g^S[) -C^®?:SiRe<jK:xs,5^>i^ (Sec 

tgT-fe^ (#Pi^4 - 1 9 2 3 4 5^5j#S#M) . 
[0 004] C©b- FO^Jl^^Htt. ^^jS 

ti-5>>x-/>©«BSP (0-55 i>u» (c?Me^S 

•r^>MX#i4*^'ftS«^WW^i::>^i?:f-5>©r\ 
c© J: 5 ^cteB^i^tr<S«-r •&/c»©a>* ©:^ffi*s«liif 

[ 0 0 0 5 ] ±iejl^^?L©i'7X5r©®S* 
fi«-r^>/cfe«:«, ^B^^SSS^rSStcfiT (M^ 

0. 4nim/m i niJlT). Ur^^^rWfigS-a-nii 
J:C»C<i:*s»l6nTI,».5 (#^¥2-2 6 7 1 9 5-^^ 

i>. ifeB^EgSi£S*fie*©|fj 1 . 0 mm/m i n 
e.. 0. 4mm/m i n«TK{£TS^'5©-C*S*» 
6. «LC:>^S©*gltt©<6T. 3;^>©Jb^:&fc:fc 

[0006] — 75r. ■?x-/N^gi5©^Wffl!^{ceH 
T -5 SSa^^^^^iSSST 5 fcfefc . 110 0 -CSH^om^ 

tiTii^. c©:*nSf». j»«ra%mtf4^ 

3;^ F©®-c:FfiJ-cafe-5>±(c. '5x-/^©^Kla{c^^a 
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[000 7] 
[000 8] 

[0 0 0 9] COJr^K:, CZSKi-pr^ifeStt^W 

[0 0 1 0] -eL-r. C(OJ:^tjimmi\'---:^Ufc^V 

i6jzzjfmmimMm^ti, ■5x-^^«®s©tes^<:RS 
--'^«ffi©^^^^5!>5#^D^s^)-ci^>^5:l,i^' y =3 ^m^s-? 

J- -^^©>'^•;^i'gp•c^ia«©^aE{c J: ?) M«wm*5(S3i 
3ns©t?. i»fc»«>>s-/>hy>i^5'i'^>'3»^fy>i'^ 

[0011] C©iS^. Bl!*3«2Ccs«l/fccl;^K:. 5^ 

^. 1 X 1 0"~5X 1 O^'atoms/cm' {CT-5.Ci35sjf 

CtlB, <gSi?CRB©BSS€r5c:9-5CWlfO-rS(C 
tt. 1X1 0'° atoms/on' fe^ifC-r-S©*^^* L-l^C <h 
i . y 3 >#^B^©#i^gfl:©S)5tf e. ^cti J: 5 K: 
-r5fc»{C». 5X 1 0"at3oins/ai^ S^X¥tr?>(Oifitff- 

[0 0l2]*fc, it*:®3«:feiEbfcJ:5K:. ^ai' 
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1. 2X 1 0'* atoms/an' (ASTM ' 7 9{B) l^T 

fc-r^©3&5jf * L-i^. c©j:5k:. e^<i:-rn«. 

[0013] ;Xfc. *^Hg(DiS*:S4 (cia«L.yc^9Br 

!im^. 1 1 0 o'c— 5^yn>©iiut«T©iaa-c> i 
~ 6 0 manrj: 'jx^ichtc. c ©J: 5 (c^sflni^ • m. 
m^^m.^m\,^x. 110 0 •c~i' y n >©^.«t 

0#JB(Tit>o5t#to««)r^ra-fb-r-5)C:i35ST?*S. 

. [0 0 14] c©it^. m-^m^^umvfcX'yic^ 

20 *fg> r^i'=r>*-5m3:cn6©ii^^Hm 

Tt?^f^c 5©*3*f * L-v^ c©J: 5&x/;^#H«-clfe^!!t 

istm.^^. ■>x->'^«ffi8©igs^«cR5*r«^SS^^5c 

[ 0 0 1 5 ] -g-LT. 2f:^IB©Sig:&ffi-C»ig3nft:'> 

«SJS©ie^RS©SS?: 1 0 ir/ c m' «Ti S C 
30 ijJi-c^^i/. i;fcSI^8©J:5fc. 'i^x-M^M*' 

60. 2 Aim©ggSSf©^«K:fet:t^COP^ffi*!8 
XI 0* my cm' tiTi-r.2.Ci*5-Cg-^©-C. 
-<':^<^B#©#S:&^L < Kiim*-5 *>©<!: ^£ 5. 

[0016] KiT. *«?9tcouT s e,K:parr-53!is. 

:$:|%?g«cn6{c|ig^Sn5'b©-C»?'j:t>, ^fgHJtt. 
c z &{c J: r -> y 3 >#s^Wfi£* (cM^f: F - y'T 

40 (•>x-7>SMa) 4i©^Si«iffi3&s*fc!*r^!& 

?cfe©-C*-5. 

[0017] -r^cto^. ^*s^y3>mifeB^*(c F- 
:/T^<h> vy3>«©M^^?L©^m*WJ?n. ^ 
S^Pi©iJ-'('X*3ffi/h-rs c iAsfiJSStiri^-S (r.Ab 

e and H.Takeno, Mat. Res. Soc.Symp.Proc. Vol .262,3,199 

2 ) , c©s&m»iST2g?L©«^g*5. m—m^^ti^ 

so it*S-c»-C. CZffi{CJ:>JS^y=i>^S«:W^Sig 



C4) 

5 . 

[0018] ic:5*s. C©->yn>^B^*OSSSJl 

fe<3 (M^it, F.Shimura and R.S.Hockett.Appl.Fhys. 
Lett. 48, 224, 1386) . C ZStC J: 'J 3 ^^M^-i? X 10 

[0019] -ec-C. *^BJ-CB. M^F-7'^S-C» 

[002 0] ■:>x-/><D>'>*;u5'gpK:«S»3&s$W 

fcJ&HS^tt-C* -5 <!: 5 fi* * ■5. 
[002 1 ] 

ittfi^ilBge 0 -2 5 1 1 9 0#«clB«8StvC(,i6J:5 

[0022] rjQrfo^. c zs». 53e.'i'-;"J«4iK:iix§ 

■rSCi*i-C#S. C©^. S^fcigJ©***!,^^^** 

;^ ©iftS* e I ^ AB#r5^*^-r ^ C <!: {C J: n> T . 

i^B^*© F --y'm.^umti> ctifim^i>. 

[0 02 3] C©J:5{c. CZ^(c<t:o-C#i{SS#*W 
mth'^VZ, ^^F-:7'-r-5Ci(;cJ:-t,-C, S^^S 
ttiCC^AS ^^•2>ifeSXRI©SfcB=fe^P*(|■r^> C i*stH* 
5. S£3R;ffi©a:5K:. «iai«^©^=&«i*0r6 50 
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ztfeK, MSERS3lS€rm«, 0. 4mm/minJii 
T<5:(<^-:>fcffijl^b-r-S'iJ^*s^i:i-»©r. iSS©^Mtt* 

[0024] y 3 >*iSB^tt»«: F-.r^r S i . 

i^y 3>nfi«:^A§n^^B^K©fiES*5«ifff§n^s 
stir. Buj^©ai3m^m©igimi®^*s, i^— Smjtp 

-3r. F-7"-r-5>^©igSB. 
?I#SBC^. 1 XI O^atoflB/aB" «±K;TS©*SJf S 
L<> J:»?iff*l/< «5X 1 0"atoms/cm'JWJ:i-r-5 
©*s J:l». cntc J: -5 r^B^^«iR|©fiSg*^^{C WJ-r 

©lI:^^-CabS5 X 1 C atoms/an' ^M;S.Si> 5^ 
•;3>^ieS©^B^{t*©«>©*SFI#StiS©t?, C 

[0 02 5] *^Bg-cB. cza«:j:r>r^* 
F-r^ufct^y3>^s«*»fi!H-si^tc. 

1. 2 X 1 0" atoms/cm' JW 

T«:-rs©*5jfsi/t^ i^';=j>*feB%«©M*iga 
c©a:5«:{SK^i-rnK, ^*s^W3nrii5 

g5iEOSF©}g^feffllSliai3fc.S*^e>t?* 

[ 0 0 2 6 ] t"; 3 >#ifea»*WfiS-rsi^fc. ^ws 

y 3 >^sS©SS:5}-^5fc J: c;>ttSg©P^©#e«c J: 

[0 02 7] c 5 L-T . c T.mc%s\.>x.mwm(o'^ 
*5F-:7"$n. ^Miss©^^^w-r5. j^y=i># 
^s#*i*s6n2>, cn<i:jis©:^tcL//t*^t^ f^^ 
jt];^ 5 -y-Sb-s -7 -v-y-^c^uffi^g-cx ^ -f ;^ 

s^srs^ynv^je^-iJx-Afcjnx-r^.. 

^. cti^(Dxmtm7nnmLfcict£^<o. c©ffeK: 

feiifcM^a*©ig*!*os-5t^. xsjm©^. — 

[0 02 8] ;^{c. f#e>nfcs/y =i>^S'i'x-''^K: 

«M©K*teJ;o-^^i1-:&K:IStSii> *SB^^^fi1?r?Sj^ 

HKgiS $ nfc^sjipcf (c-f x->''> ccfiA L . 
ffsi^s^s©^®^. E-^jcBiom-r:^^-^. "fx 

mfcm.i5.iicmm!M-ri>wi'c$>i>. cwigfeKSA 
u a?offi-rit»5©«. 96*j;?)tf<Dn-ri,»s— 

<OJSAL/. KOtii-rutoKP^n-T'^^rS^. T>0- 
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[0 02 9] -e-L-r. *^?8t?ffli»6tis->y3>'i7i 

ft. mS5Snrt^S*>©iLT. M;*.«ASTttS. S 

HS-2 8 oocDJ;^^:^S^W-sct*5-e*. cn 
[0 03 0] ccr. *i%?at?ffll»/t'>';3>■5x-/^ 

1 0«. m^itm<\:Mm$>i>l^t:Gi^t^t^fj:^^)Ui^^ 

iessn.5.»ni^fc:-3'2. 2' K:j:ortf^. c©jjaM 

[ 0 0 3 1 ] jiP©T:^K:». *<^5^-^'>''^•4^'<-;^^ 

-ctr^s. -?•c.■rv;=l>■?x-.'^8«;3i7^-5^7±^c^ 

[0 0 3 2] JW±©J:^!feSSij!!iSi|gl oocj:or. 

i; n >■^7i->'^©^iiJ)l]M • -sisitesttyc© 

1- 1 F«3*. miiBifM:«/;^#H^T 1 1 0 0 y 

3 >©®L#.«T©0TMasK:ftiM b . ^©setc^-r 

X7"-i?7©fiLg. •r%to^3t^i46©i^rt'^ 

©»Afi{c J: •:> T^-r s c i m-c^ 5, 
[0 03 3] -^juy + 1 mmm^-cmmstitcrj: 



CS) 1 1-322490 

8 

[0 0 3 4 : -^L^r, ■i7X-/^©X7— >'7±'^©iEg 
F^JC^fA-rSCifCio-r. >^7^-i;7^1 10 0~i' 

';3>©^*«T©§fasafig*-rj:^$-tf, xt^- 
s^±©'>>;3>'?x-7Mcwsi^^^j)n;t^. c©ii 

^. *?^5^f >A4rt©X7^-2^T^fi[g*>6« SrlSa 

g{ag*t?©i^atiK:«. ^d^tf 2 oi^>^b*^*>*i?>^c 

10 

[ 0 0 3 5 ] L-C. XT— y 7 *^MSS£ig-C. §f 
S^P^^?± (PHx-lf 1~6 0#) S#5Ci(ca:or. 

■5x-/^^cff±^^»©li^s«^MS^^]^^^ c i^^-c* 

{C*- 9 {C«fc -:>-C3m#6 **PF«33&> 6? I C i {C 
J:o-C. X•7^-i^7*mS■^^■*?^9^^'>>'^•4F«3©T« 

Ct*S-C#.5. X7"->'7±©'^'X-/^tt. 7K?t5^f> 

^^'4*^J;a^•^-X7•^— h 5*s7K<^3tirt,»S©t?, ^ 
20 iifcj^^ns. a^fc. ■?x-/^/^>Ky>^/^^K: 
J:or. 'i'x->'><&iS{»)fc[i-rciK:J:-3r. I^S*^ 
7^-5. $6^cfaMa•r^'t'x-/^^s*S^t^«:^3:. |» 
^S^^gl 0©iS^>SrKISS-&-Ct,i^cl^©-C. ^JC^tC? 
X-/N^jSAU»KSfjfCfSt^!m«-rS C <!: *5-C# 

[0 03 6] c©j:^k:. *^Bg©■^'x-/^(c^lail^l^ 

L/T ». 110 0 •c~'> y =1 >©i!l^.JWT©sa 
■c> 1-6 o#ratT^t^©3!)S$?*L(r^ cna^afniisi 
• ,^<^*Pi^*flit»-r . 1. 1 0 0 -c-s^ y 3 >©it* 

.t;x-/N«MB©K^, mM^^:m.Wrc^ ^(Dr:. m 

*6 0|S>«T<bt»-5fc#to«>-C^^ia-ftT*C<i:*it?# 

[0 037] c©is^, ^.iiia^PBi?: 1 ~6 o^mt-f 
» 1 mtmm-ri-jmifi^ »? . e o f^fetr^^t^t^ 

40 ^tCife^tt^. 

[0 038] * fc, s^jiiiso^Hmi uxit. mm. * 
r-'i'=f>*si,i»cne.©ii^#fflSiT-ctf^c5J: 
^ic-rmt. ->y3>•^;x-7^{cww<t^c•5«ffi^fflli* 

If, ■i'x-^^^MM©^B^^^Il^&mM^■a■Sc:<t*5-^# 
■5. T;U=f>ab^>li«cn6©?l-&#H^ 
©i^^c. ji7ctt©#Hmrii?SMS&a4?f^c5<t. 

X— '^^E©fee^^7&Jm5aL.B^,»©■r<J: DJf * VlK 
^tc. *«iT->l/ri>©S^#H^i-r-5<i:. ^J^kS* 
50 ec>^;x--'^{cxy ?>:7'*s^bK:< < %SCi*s5iS3 
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[0 0 3 9] c^ur. K-r^L'fcCZffi(Cj:-S 

t^SCOP^g^S X 1 0* m/cm" felTi-r-SCi 
[0 04 0] 

i^u, ii:S6'f>9^> PS, :^{i<i oo>(Z)M^ 

Sm®?|#±tfjIS-C*S. 0. 8-^1. 5mm/ 

m i n (Dmmom^ <Dm&v 1 0 I *±if yt. ^© ^ 20 

^5*(D?l#±lfrtt> M3N-*«:*6*iDi*0. 12g 

=l:$liai)L'-C. #JtB^E}3©K«?§S*S0 . 9 ~ 1 . 0X1 
O^'atjoms/an' <i;^tS J: ^ (C O/c. 
[004 1] F-:/l>?c:^©ieS«©«gP©^ 
zggSrFT- I RK:j;0aj^L.fciC5. ^^-Cb. 0 
X 1 0 ^ ' atans/cirf "C* o (M*©««t^^!K«^K: 

-5. )= sfc. ■r-<-c<omm^Bm<Dmm&m'&FT- 1 

1. ox 1 0"atBnis/cni' (DmmSS.tfiriXt.^^C t 

[0 04 2] cc-cmf^nfcmm^mmii^ib. v^-^v- 
iim<D^miimm—tiyfc, 2 ssoitse >r 

[0 04 3] »6nfc'>y3>#^S'Jx-/>{cSec 40 

c ox-;.5^>i'?rSlL, ^M^^aJiaffi^Urfi- F® 

[0 0 4 4] Cc^^S^B'Si. ^^F-^L'fc:*^^ 
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m-fsmv\t. ? I #±tf jiS* l . O mm/m i n jy±<b 
t>6r. S£*^J:f)iesXRI«S*s2 0^5-©lgS(c* 

[0 04 5] ±ia©'5x-/>K:. S3«:^i^UfcJ: 
^^c:!^!]!^!^ • ^<%m^m.^mK^x ^ 1 2 0 0 -cf 1 
o#is©-^Ljij)nia-,^?^i^i2ia^igL'fc. #H5i** 

;^<i:L--Ctt. 1 0 0%^;«/X#ffi$l. 1 0 O^ST^Urf 
1 0 0%*3S^;^#H». 5 0%T;U=f 

[0046] S^^^ffllSC-i? x-/%tc> SeccoX!?5^ 

^l/fc. ^=f: F-7'0fcJ©^©a!lSM:^*. SIK^ 
tol*-r::/a f F Ufc. 

[0 04 7] C©MJ^?:m5i, F-rT^bfc't'x 
— '^«EH©ieS^RS»> 1 2 0 0 'C©^ii^jnlSi • lis 

So 

[0048] ^X«C. ±fai^S«©'t'x--'%cr)^{|:Ji© 
EE^ (C-*-F) *aiSl.:fe. K{bJRWEE#14 (C 
F) ©a9^ft^«, ^^tM/l : 2 5 nm: idSS 
ffi: F— :^ • 3j<U ®fi6®a: 8 mm' . 

fl^SSS: ImA/cm'ilxfc. i^Slt^S 

^*s8Mv/cm«±©fe©*iap°n<t*iissns. ais 

[0049] *^l5©M5g* F-tT'bfcJ^ y 3>*^a 

■?xw^{c^^iI^lre» • ^?#aiii{B{cj:»j5»«^*jn^ 

fe. 8MV/cm«±©Ap°a3&5^^»*5]g<, j%i-*s 
^°D<!:?c€.©«:^*0. (*iSE) X\t. 8MV/ 

[0050] {^mz. imm2)m&mi. imm 

1 i|BH^K:CZiS«:j;»)il:S8 pS, 1 
0 0>©m^S»*. Tl£«l©0^-C5*?l±tf. C 

no: 9 5 «a©iES 8'r>9^©e^y3 x 

(a. b. c. d e) =&ffS!{Ufc. 
[0051] 

[an 



(7) mm^l 1-3 2249 0 

11 12 







(atoos/cnr") 


C&.tons/cm') 


3.1 U t-^^fPP 

(nni/iiiinl 




a 




1.3X1 


1. 8 


b 


2X10^^ 


0.8X10'' 


1. 7 


c 


3X10^^ 


0. 8X10' = 


1. 6 




d 


0 


1. 3 X 1 0 ' ' 


0. 9 5 


e 


0 


0. 7 X 1 0 


1. 6 



[005 2} #6tl/c5a!g©■i'X-y^«:o^^-C. ^© 

S^<^Pit?*5C0P (Crystal Originated Parti cl 

e) ©ilSSt^raUSLfc. COPmMit. m&0:s^-J^<O 

(KLA/Tencortt^, SPl) ^r^C^T. ■t'i — -'^*M{C# 
^ST'SO. 1 0 Mnili(±©COP(C-Pt,ir^f'^> h b 

fc. c:©j:5{c-rn«. ■?x--'^^B*^e)^^>o. 2ym 
©ai § * ■ccDffiWfci?:^ 4 c o p *iai^ 3 

[ 0 0 5 3 ] S?c> S^^-^x-zNCDSBcD^fctt^ 
^JWfe-:gliI?#aJiia (ASTiUS. SHS-280 
0) fCiD. 5 0%T;t'3>i 5 0%**C!>S-^**;^# 
HMT 1 2 0 0 -Cr 1 0#PacDl^i!M^»D^fca. 

^*L/r*^6COP?rS'JSUfc. c^brae.nfc^'j 

[0 0 5 4] S4*^e.^63t»-C***Sj:^K:. 

i» • ^^i&mmic jT^mmK. j: s c o p ©fi?)^^ 

». K-7"L/fc'?xw% (S4©a. bi c) <D 

■ysifi^ ^> K-^'CD-^xwN {S40d. e ) (Cjt^T 

■i'X->'^«M*''=>^3 0. 2 MmS-C©COPIS^ 
8-^>9^■?x-y^•CfitJIK:5 0 0ffl/•>x-7^t^T, C 
OP?gS(C^rSi|5j8 X 1 0* ffi/cm" &Cr^1r 
■5 C i # C <»: *s t)3i» fc. 
[005 5] !6c*J, i^US^SgtcPBSSn 

[0 05 6]mtf. 2is^?g«:ij(,i-r5^3i'-7;i';^+- 



[0 05 7] _hgB-C«. ^WK«?gS41g^jS 
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PROBLEM TO BE SOLVED: To provide a method for simply producing a silicon single crystal wafer having very few defects 
in high productivity by inhibiting the growth of crystal defects, in particular, the growth of crystal defects in a surface layer 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the silicon single crystal wafer characterized by adding heat 
treatment to this silicon single crystal wafer with rapid heating and quick cooling equipment after raising the 
silicon single crystal rod which doped nitrogen, shcing this single crystal rod and processing it into a silicon 
single crystal wafer with the Czochrlski method. 

[Claim 2] It is the nitrogen concentration doped on this single crystal rod in case the silicon single crystal 
rod which doped nitrogen with said Czochrlski method is raised 1x1010 - 5x1015 atoms/cm3 The 
manufacture approach of the silicon single crystal wafer indicated to claim 1 characterized by carrying out. 
[Claim 3] It is the oxygen density contained on this single crystal rod in case the silicon single crystal rod 
which doped nitrogen with said Czochrlski method is raised 1.2x1018 atoms/cm3 The manufacture 
approach of the silicon single crystal wafer indicated to claim 1 or claim 2 characterized by making it below. 

[Claim 4] The manufacture approach of a silicon single crystal wafer given in any 1 term of claim 1 
characterized by performing heat treatment added to said wafer with rapid heating and quick cooling 
equipment for 1 - 60 seconds at the temperature below the melting point of 1 100 degrees C - silicon thru/or 
claim 3. 

[Claim 5] The manufacture approach of a silicon single crystal wafer given in any 1 term of claim 1 
characterized by performing heat treatment added to said wafer with rapid heating and quick cooling 
equipment under oxygen, hydrogen, argons, or these mixed ambient atmospheres thru/or claim 4. 
[Claim 6] The silicon single crystal wafer manufactured by the approach indicated to claim 1 - claim 5. 
[Claim 7] It is a silicon single crystal wafer according to claim 6, and the consistency of the crystal defect of 
a wafer surface layer is 2 ten pieces/cm. Silicon single crystal wafer characterized by being the following. 
[Claim 8] The silicon single crystal wafer which is a silicon single crystal wafer according to claim 6, and is 
characterized by the COP consistency in the field in 0.2-micrometer Fukashi being three or less 
[8x104 //cm ] from a wafer front face. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In case this invention pulls up a silicon single crystal with the Czochrlski method 
(henceforth a CZ process) While making small size of the crystal defect called the grown-in (Grown-in) 
defect which dopes nitrogen and exists in the interior of a crystal By adding hot heat treatment to a wafer 
with rapid heating and quick cooling equipment, it is related with the method of manufacturing the silicon 
single crystal wafer from which the crystal defect on the front face of a wafer was removed by the sex from 
Takao, and the silicon single crystal wafer manufactured by this approach. 
[0002] 

[Description of the Prior Art] As a wafer for producing devices, such as a semiconductor integrated circuit, 
the silicon single crystal wafer mainly raised by the Czochrlski method (CZ process) is used. If a crystal 
defect exists in such a silicon single crystal wafer, a poor pattem will be caused at the time of semiconductor 
device production. Since [ which it said was 0.35 microns or less ] it is very detailed, at the time of such 
pattem formation, also in existence of the crystal defect of 0.1 -micron size, especially the pattem width of 
face in the device integrated by altitude in recent years will cause a poor pattem, and will reduce the 
production yield or quality characteristic of a device remarkably. Therefore, the crystal defect which exists 
in a silicon single crystal wafer must be decreased as much as possible. 

[0003] Into the silicon single crystal raised by the CZ process, it is recently reported especially that the 
crystal defect which is called the above-mentioned grown-in defect and which was introduced into crystal 
growth is found out by various measuring methods. For example, these crystal defects are detectable as a pit 
by etching a front face alternatively with Secco liquid (mixed liquor of K2 Cr 207, fluoric acid, and water) 
(Secco etching) in the single crystal which was able to be pulled up with the general growth rate (for 
example, about 1 or more mm/min) currently produced on commercial level (refer to JP,4- 192345, A). 
[0004] It is thought that the main causes of generating of this pit are oxygen sludges which are the floe of 
the oxygen atom mixed from the cluster or quartz crucible of an atomic hole condensed during single crystal 
manufacture. If these crystal defects exist in the surface section (0-5 microns) of the wafer with which a 
device is formed, since they will turn into an injurious defect which degrades a device property, the various 
approaches for reducing such a crystal defect are examined. 

[0005] For example, in order to reduce the consistency of the cluster of the above-mentioned atomic hole, it 
is known that what is necessary is to fall the rate of crystal growth extremely (for example, 0.4 or less 
mm/min), and just to make a crystal raise (refer to JP,2-267195,A). However, it has turned out that the 
crystal defect considered to be the dislocation loop which the superfluous silicon between grids newly 
gathers that it is this approach, and is formed occurs, and a device property is degraded remarkably and it 
does not become the solution in question. And since the rate of crystal growth is reduced to about 1 .0 
conventional mm/min, as mentioned above 0.4 mm/min or less, the remarkable fall of the productivity of a 
single crystal and the rise of cost will be brought about. 

[0006] On the other hand, in order to reduce the crystal defect resulting from the oxygen sludge of the wafer 
surface section, the solution approach of carrying out out-diffusion of the oxygen under crystal, and carrying 
out dissolution disappearance of the oxygen sludge is taken by heat-treating a wafer at an elevated 
temperature 1 100 degrees C or more. However, by this approach, heat treatment must be performed for a 
long time which was called 4 hours or more, in respect of productivity and cost, since the rising and falling 
temperature of a wafer takes time amoxmt in a disadvantageous top, an oxygen sludge will be formed by the 
device formative layer into rising and falling temperature, and the desired end and effectiveness are not done 
so in many cases. 
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[0007] 

[Problem(s) to be Solved by the Invention] even if it succeeded in this invention in view of such a trouble, it 
controls the growth of a crystal defect (grown-in defect) in the silicon single crystal wafer produced by the 
CZ process and a crystal defect with small size occxirs — short-time heat treatment ~ certain — removing — 
the silicon single crystal wafer of a very low defect [ section / wafer surface ] - the sex from Takao - and it 
sets it as the main purpose to offer the manufacture approach produced simply. 
[0008] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, after invention 
indicated to claim 1 of this invention raises the silicon single crystal rod which doped nitrogen, slices this 
single crystal rod and processes it into a silicon single crystal wafer with the Czochrlski method, it is the 
manufacture approach of the silicon single crystal wafer characterized by adding heat treatment to this 
silicon single crystal wafer with rapid heating and quick cooling equipment. 

[0009] Thus, in case a single crystal rod is raised by the CZ process, growth of the crystal defect introduced 
into said crystal growth can be controlled by doping nitrogen. Moreover, since the rate of crystal growth is 
accelerable as a result of controlling growth of a crystal defect, the productivity of a crystal is remarkably 
improvable. 

[0010] And if heat treatment is added to the wafer processed from the silicon single crystal which doped 
such nitrogen with rapid heating and quick cooling equipment, out-diffiision of the oxygen and nitrogen on 
the front face of a wafer is carried out, and they can extinguish the crystal defect of a wafer surface layer 
efficiently. Therefore, a silicon single crystal wafer with very few crystal defects on the front face of a wafer 
can be obtained. And since rising and falling temperature can be carried out quickly, the time amount which 
heat treatment takes to that the crystal defect which newly originates in rising and falling temperature at 
precipitation of oxygen etc. arises can be shortened extremely. On the other hand, since precipitation of 
oxygen is promoted by existence of nitrogen in the bulk section of a wafer, the wafer excellent also in the 
so-called in thorin chic gettering effectiveness (the IG effectiveness) can be manufactured. 
[001 1] In this case, it is the nitrogen concentration doped on a single crystal rod in case the silicon single 
crystal rod which doped nitrogen with the Czochrlski method is raised, as indicated to claim 2 1x1010 - 
5x1015 atoms/cm3 Carrying out is desirable. This is 1x1010 atoms/cm3, in order to ftiUy control growth of 
a crystal defect. In order to make it carrying out above not become the hindrance of a desirable thing and 
single-crystal-izing of a silicon single crystal, it is 5x1015 atoms/cmS. It is because considering as the 
following is desirable. 

[0012] Moreover, it is the oxygen density contained on a single crystal rod in case the silicon single crystal 
rod which doped nitrogen with the Czochrlski method is raised, as indicated to claim 3 1.2x1018 atoms/cm3 
It is desirable to make it below (ASTM 79 value). Thus, growth of hypoxia, then a crystal defect can be 
controlled further, and formation of the oxygen sludge in a surface layer can also be prevented. On the other 
hand, in the bulk section, since precipitation of oxygen is promoted by existence of nitrogen, the IG 
effectiveness can fixlly be demonstrated also as hypoxia. 

[0013] Next, invention indicated to claim 4 of this invention was made to perform heat treatment added to a 
wafer with rapid heating and quick cooling equipment at the temperature below the melting point of 1 100 
degrees C - silicon for 1-60 seconds, thus, since the out-diffiision of the oxygen of a wafer surface layer 
and the nitrogen was fiiUy carried out using rapid heating and quick cooling equipment by heat-treating at 
the elevated temperature below of the melting point of 1 100 degrees C - silicon, the crystal defect could be 
extinguished certainly and it said that heat treatment time amount was 60 or less seconds — it can short-time- 
ize extremely. 

[0014] In this case, as indicated to claim 5, it is desirable to perform heat treatment added to a wafer with 
rapid heating and quick cooling equipment under oxygen, hydrogen, argons, or these mixed ambient 
atmospheres. Without making the surface lining which becomes harmftil to a silicon wafer by heat-treating 
in such a gas ambient atmosphere form, out-diffiision of oxygen and the nitrogen can be carried out 
effectively, and the crystal defect of a wafer surface layer can be extinguished. 

[0015] And the silicon single crystal wafer (claim 6) manufactured by the manufacture approach of this 
invention very - low - a crystal defect thing — becoming - especially ~ claim 7 ~ like - the consistency of 
the crystal defect of a wafer surface layer - 10 piece/cm2 It can consider as the following. Like claim 8 
Since the COP consistency in the field in 0.2-micrometer Fukashi can carry out from a wafer front face to 
three or less [8x104 //cm ], the yield at the time of device production is remarkably improvable. 
[0016] Hereafter, although this invention is explained fiirther in full detail, this invention is not limited to 
these. By combining the technique of adding heat treatment to the technique and silicon single crystal wafer 
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which dope nitrogen during siHcon single crystal training by the CZ process with rapid heating and quick 
cooHng equipment, and extinguishing the crystal defect on the front face of a wafer, this invention 
scrutinizes a header and terms and conditions for the ability of a silicon single crystal wafer with very few 
crystal defects in the device formative layer (wafer sxirface layer) to be obtained by the sex from Takao, and 
completes this invention. 

[0017] That is, if nitrogen is doped in a silicon single crystal, condensation of the atomic hole in silicon is 
controlled and it is pointed out that the size of a crystal defect contracts (T. 3 Abe and H.Takeno, 
Mat.Res.Soc.Symp.Proc.VoL262, and 1992). It is thought that this effectiveness is for the condensation 
process of an atomic hole to shift to imuniformity nucleation from homogeneity nucleation. Therefore, if 
nitrogen is doped in case a silicon single crystal is raised by the CZ process, the silicon single crystal and 
this which made crystal defect size very small can be processed, and a silicon single crystal wafer can be 
obtained. And according to this approach, like said conventional method, since it is not necessary to 
necessarily low-speed-ize the rate of crystal growth, a silicon single crystal wafer may be able to be obtained 
by the sex from Takao. 

[001 8] However, when it is known that it is effective in making precipitation of oxygen promote (224 for 
example, F.Shimura and R.S.Hockett, Appl.Phys.Lett.48, 1986) and the nitrogen atom in this silicon single 
crystal is doped in the silicon single crystal wafer by the CZ process, it is heat treatment in a device process 
etc., and makes the defects of precipitation-of-oxygen reasons, such as OSF (oxidation induction stacking 
fault), occur frequently in the device formative layer. Therefore, CZ silicon single crystal wafer which 
doped nitrogen conventionally was not used as a wafer for device production. 

[0019] then, the defect which originates in supposing that the advantage said that a crystal defect (grown-in 
defect) cannot grow easily as a nitrogen dope crystal in this invention is employed efficiently, and on the 
other hand precipitation of oxygen being promoted, and is generated a wafer — rapid heating and quick 
cooling equipment — elevated-temperature heat treatment — in addition, it succeeded in obtaining a silicon 
single crystal wafer with very few crystal defects in a wafer front face by carrying out out-diffusion of the 
oxygen and nitrogen of a surface layer. 

[0020] Moreover, since nitrogen contains in the bulk section of a wafer, as a result of promoting a deposit of 
oxygen, it becomes what has the IG effectiveness there is much sludge and strong from the thing of the 
oxygen density with the usual wafer same [ close / of nitrogen ] which is not. Therefore, a content oxygen 
density can be reduced and generating of the crystal defect in a front face can be controlled fiirther. And in 
order not to reduce a crystal pulling rate in a CZ process, there is also an advantage that it is a sex from 
Takao. 
[0021] 

[Embodiment of the Invention] What is necessary is to just be based on a well-known approach which is 
indicated by JP,60-251 190,A in this invention, in order to raise the silicon single crystal rod which doped 
nitrogen by the CZ process. 

[0022] That is, although a CZ process is an approach of pulling up slowly and raising the silicon single 
crystal rod of a request diameter, contacting seed crystal to the melt of the polycrystalline silicon raw 
material held into the quartz crucible, and rotating this, it can dope nitrogen during a raising crystal by 
putting in the nitride in the quartz crucible beforehand, throwing in a nitride in silicon melt, or making a 
controlled atmosphere into the ambient atmosphere containing nitrogen etc. Under the present 
circxmistances, the amoxmt of dopes xmder crystal is controllable by adjusting concentration or installation 
time of the amount of a nitride, or nitrogen gas etc. 

[0023] Thus, in case a single crystal rod is raised by the CZ process, growth of the crystal defect introduced 
into crystal growth can be controlled by doping nitrogen. Moreover, since it said that the rate of crystal 
growth was 0.4 or less mm/min and it is not necessary like a conventional method to low-speed-ize it in 
order to control generating of a crystal defect, the productivity of a crystal is remarkably improvable. 
[0024] If nitrogen is doped in a silicon single crystal, it will be thought that the reason growth of the crystal 
defect introduced into silicon is controlled is for the condensation process of an atomic hole to shift to 
ununiformity nucleation from homogeneity nucleation as above-mentioned. Therefore, the concentration of 
the nitrogen to dope is 1x1010 atoms/cm3 which fiiUy causes ununiformity nucleation. It is good to consider 
as three or more 5x1013 atoms/cm preferably [ carrying out above ] and more preferably. Growth of a 
crystal defect can fully be controlled by this. If nitrogen concentration exceeds 5x1015 atoms/cm3 which is 
a solid-solution limit community in a silicon single crystal, since the single-crystal-izing of a silicon single 
crystal itself will be checked on the other hand, it is made not to exceed this concentration. 
[0025] Moreover, it is the oxygen density contained on a single crystal rod in case the silicon single crystal 
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rod which doped nitrogen by the CZ process is raised in this invention 1 .2x1 01 8 atoms/cm3 It is desirable to 
make it below. It is because it can control growth of a crystal defect further that hypoxia, then nitrogen 
contain the oxygen density in a silicon single crystal in this way and it can control formation of said OSF 
etc. conjointly. 

[0026] In case a silicon single crystal rod is raised, the method of reducing the oxygen density to contain in 
the above-mentioned range should just be based on flie approach commonly used fixim the former. For 
example, it can consider as the above-mentioned oxygen density range easily with means, such as 
temperature distribution of reduction of a crucible rotational frequency, the increment in an introductory 
quantity of gas flow, the fall of tfie ambient pressure force, and silicon melt, and adjustment of the 
convection current. 

[0027] In this way, the nitrogen of request concentration is doped in a CZ process, and the silicon single 
crystal rod containing the oxygen of request concentration is obtained. After slicing this according to the 
usual approach with cutting equipments, such as an inner circumference cutting-edge slicer or a wire saw, it 
is processed into a silicon single crystal wafer through processes, such as beveling, wrapping, etching, and 
polish, of course ~ ** these processes remain for having carried out instantiation listing, in addition may 
have various processes, such as washing, ~ modification of the order of a process part ~ according to the 
purposes, such as an abbreviation, modification use of the process is carried out suitably. 
[0028] Next, heat fa-eatment is added to the obtained silicon single crystal wafer with rapid heating and quick 
cooling equipment, out-diffusion of the oxygen and nih-ogen on the front face of a wafer is carried out, and a 
crystal defect is extinguished. Here, rapid heating and forced cooling throw in a wafer immediately in the 
heat ti-eating furnace set as the request temperature requirement, and is the approach of heat-treating 
immediately with the approach of taking out immediately, the lamp heater after installing a wafer in the 
setting location in a heat treating fiimace, etc. after the request heat treatment passage of time. Supplying 
immediately and taking out throws [ this ] in a wafer slowly, I hear that it does not perform the so-called 
loading to take out and unloading actuation, and it is in the temperature up in fixed time amount currently 
performed conventionally, and temperature fall actuation and a heat treating furnace. However, in order to 
carry to the predetermined location in a fiimace, naturally it has a certain amount of time amount, and is 
carried out in several seconds to several minutes according to the capacity of the migration equipment for 
throwing in a wafer. 

[0029] And equipment like the lamp heater by thermal radiation as the rapid heating and quick cooling 
equipment of the silicon wafer used by this invention can be mentioned. Moreover, for example, the product 
made from AST and equipment like SHS-2800 can be mentioned as what is marketed, and these are not 
extraordinarily complicated and expensive, either. 

[0030] Here, an example of the rapid heating and quick cooling equipment of the silicon wafer used by this 
invention is shown. Drawing 3 is the schematic diagram of rapid heating and quick cooling equipment. The 
thermal treatinent equipment 10 of drawing 3 has the bell jar 1 which consists of silicon carbide or a quartz, 
and heat-treats a wafer within this bell jar 1 . The heating heater 2 and 2' which are arranged so that a bell jar 
1 may be surrounded perform heating. This heating heater is divided in the vertical direction, and can 
conti-ol now the power supplied independentiy, respectively. Of course, a heating method is not limited to 
this and is good also as the so-called radiation heating and a high-frequency-heating method. The housing 3 
for covering heat is arranged on the outside of the heating heater 2 and 2'. 

[003 1] Down the fiimace, the water-cooled chamber 4 and the base plate 5 have been arranged, and 
atmospheric air is blocked in a bell jar 1 . And the silicon wafer 8 is held on a stage 7, and the stage 7 is 
attached in the upper limit of the support shaft 6 which can move up and down freely by the motor 9. Wafer 
insertion opening which is not illusti-ated [ which is constituted possible / closing motion / with a gate 
valve ] is prepared in the water-cooled chamber 4 so that a wafer can be taken in and out of a longitudinal 
direction in a fiimace. Moreover, gas input and an exhaust port are established in the base plate 5, and the 
gas ambient atmosphere in a fiimace can be adjusted now to it. 

[0032] Rapid heating of a silicon wafer and heat ti-eatment which cools quickly are performed as follows by 
the above thermal ti-eatment equipments 10. First, by the heating heater 2 and 2', the inside of a bell jar 1 is 
heated to the request temperature below the melting point of bottom of request gas ambient afanosphere 
1 100 - silicon, and is held to the temperature. If a supply voltage is controlled independently for each 
divided heating heater, temperature distiibution can be given for the inside of a bell jar 1 along the height 
direction. Therefore, the location of insertion of a stage 7, i.e., the amoimt into the fiimace of the support 
shaft 6, can determine the processing temperature of a wafer. 

[0033] If the inside of a bell jar 1 is maintained at request temperature, with the non-illustrated wafer 
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handling device which adjoins a thermal treatment equipment 10 and is arranged, a silicon wafer will be put 
in from insertion opening of the water-cooled chamber 4, and a wafer will be put for example, through a SiC 
boat on the stage 7 made to stand by in the lowest end position. Since water cooling of the water-cooled 
chamber 4 and the base plate 5 is carried out at this time, a wafer is not elevated-temperature-ized in this 
location. 

[0034] And if installation of a up to [ the stage 7 of a wafer ] is completed, by inserting the support shaft 6 
into a furnace by the motor 9 immediately, a stage 7 will be raised to the request temperature location below 
the melting point of 1 100 - silicon, and elevated-temperature heat treatment will be added to the silicon 
wafer on a stage. In this case, since it takes only about 20 seconds, rapid heating of the silicon wafer will be 
carried out to migration from the stage lower limit location m the water-cooled chamber 4 to a request 
temperature location. 

[0035] And elevated-temperature heat treatment for a stop time can be added to a wafer by carrying out a 
predetermined time halt (for example, 1 - 60 seconds) of the stage 7 in a request temperature location. If 
predetermined time passes and elevated-temperature heat treatment is completed, by drawing out the support 
shaft 6 out of a furnace by the motor 9 immediately, a stage 7 will be dropped and it will consider as the 
lower limit location in the water-cooled chamber 4. This downward actuation can also be performed in 
about 20 seconds. Since water cooling of the water-cooled chamber 4 and the base plate 5 is carried out, the 
wafer on a stage 7 is cooled quickly. Finally, heat treatment is completed by taking out a wafer with a wafer 
handling device. Since the temperature of a tiiermal treatment equipment 10 is not made to lower when there 
is a wafer furthermore heat-treated, a wafer can be thrown in one after another and it can heat-treat 
continuously. 

[0036] Thus, when heat-treating with rapid heating and quick cooling equipment to the wafer of this 
invention, as heat treatment conditions to add, it is the temperature below the melting point of 1 100 degrees 
C - silicon, and it is desirable to carry out for 1 - 60 seconds, since this fully carried out out-diffusion of the 
oxygen of a wafer surface layer, and the nitrogen using rapid heating and quick cooling equipment by heat- 
treating at the elevated temperature below of the melting point of 11 00 degrees C - silicon, it could 
extinguish the crystal defect certainly and called heat treatment time amount 60 or less seconds ~ it is 
because it can short-time-ize extremely. 

[0037] In this case, it is because it is enough if it is necessary to heat-treat for 1 second and carries out as 
long as 60 seconds in order for setting heat treatment time amount as for 1 - 60 seconds to fiilly carry out 
out-diffusion of oxygen and the nitrogen. A crystal defect and precipitation of oxygen seem and not to 
newly be generated in rising and falling temperature, since rising and falling temperature can be made rapid. 

[0038] Moreover, without making the surface lining which becomes harmful to a silicon wafer form as an 
ambient atmosphere of heat treatment, if it is made to carry out under oxygen, hydrogen, argons, or these 
mixed ambient atmospheres, out-diffusion of oxygen and the nitrogen can be carried out effectively, and the 
crystal defect of a wafer surface layer can be extinguished. If elevated-temperature heat treatment is 
especially performed in an ambient atmosphere of reducibility like hydrogen, argons, or these mixed 
ambient atmospheres, since the crystal defect on the front face of a wafer will tend to be extinguished, it is 
more desirable. Moreover, when it was the mixed ambient atmosphere of hydrogen and an argon, it was 
checked that it is hard coming to generate a slip to a wafer during heat treatment. 
[0039] In this way, it is a silicon single crystal wafer by the CZ process which doped nitrogen, and the 
crystal defect of this silicon single crystal wafer front face can obtain very few silicon single crystal wafers. 
Especially, it is the consistency of the crystal defect of a wafer surface layer ten pieces/cm certainly 2 It can 
consider as the following and considering as parenchyma top zero is also possible. Moreover, the COP 
consistency in the field in 0.2-micrometer Fukashi can be made or less [ 8x104 //cm ] into three from a 
wafer front face, and a device production yield can be raised certainly. 
[0040] 

[Example] Although the example and the example of a comparison of this invention are given and being 
explained concretely hereafter, this invention is not limited to these. 

(An example 1, example 1 of a comparison) By the CZ process, 40kg of raw material polycrystalline silicon 
was charged to the quartz crucible with a diameter of 1 8 inches, and the diameter of 6 inches, P type, and ten 
crystal rods of bearing <100> were pulled up at the rate of the versatility of the range of 0.8 - 1.5 mm/min 
which is the usual raising rate. Although the silicon wafer which has a 0.12g silicon nitride film beforehand 
was thrown in in the raw material by raising of five among those, nitrogen was not doped in raising of the 
crystal of remaining five. Moreover, which crystal controls crucible rotation during raising, and the oxygen 
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density in a single crystal is 0.9-1.0x1018 atoms/cm3. It was made to become. 

[0041] the place which measured the nitrogen concentration of the tail of the crystal rod of the direction 
which doped nitrogen by FT-IR - an average — 5.0x1014 atoms/cm3 it was (since the segregation 
coefficient of nitrogen is very small, the concentration of the body section of a crystal rod becomes below 
this value.) . Moreover, when the oxygen density of all single crystal rods was measured by FT-IR, any 
crystal is about 0.9-1.0x1018 atoms/cm3. It checked that it was an oxygen density. 
[0042] From the single crystal rod obtained here, the wafer was cut down using the wire saw, beveling, 
wrapping, etching, and mirror-polishing processing were performed, and conditions other than the existence 
of the dope of nitrogen produced the silicon single crystal mirror plane wafer of two kinds of 6 inches 
diameters made almost the same. 

[0043] The consistency of the crystal defect (grown-in defect) fi-om a front face to a depth of 5 micrometers 
was measxired by performing Secco etching to the obtained silicon single crystal wafer, carrying out 
microscope observation of the front face, and measuring a pit consistency. The measurement result was 
shown in drawing 1 . A black dot is this invention approach which doped nitrogen, and it is the conventional 
method with which the white round head has not doped nitrogen. 

[0044] If this result is seen, in spite of pulling up the raising rate the rate more than the former and the EQC 
of 1 .0 or more mm/min, by this invention approach which doped nitrogen, the crystal defect consistency will 
decrease from the conventional method about to 1/20. That is, by doping nitrogen shows that what is so 
large that growth of a crystal defect is controlled and it can detect decreases. 

[0045] Next, rapid heating and quick cooling heat treatment for 10 seconds were performed at 1200 degrees 
C using rapid heating and quick cooling equipment as shown in the above-mentioned wafer at drawing 3 . 
As a controlled atmosphere, it considered as 100% oxygen gas ambient atmosphere, 100% argon gas 
ambient atmosphere, 100% hydrogen gas ambient atmosphere, and 50% argon and the mixed-gas ambient 
atmosphere of 50% hydrogen. 

[0046] It measured whether a crystal defect consistency would have change by performing Secco etching, 
carrying out microscope observation of the front face again, and measiiring a pit consistency to the wafer 
after heat treatment. The measurement result at the time of doping nitrogen was plotted according to 
drawing 1 . 

[0047] When this result is seen, the crystal defect of the wafer surface layer which doped nitrogen is 2 about 
ten pieces/cm by 1200-degree C rapid heating and quick cooling heat treatment. It turns out that it decreases 
even below. That is, it turns out that nitrogen and oxygen carry out out-diffiision, and the front face of a 
wafer is made defect-free by heat treatment. Especially, that it is possible also understands that the 
consistency of the crystal defect of a wafer surface layer makes it parenchyma top zero. 
[0048] Next, the oxide-fibn proof-pressure property (C-mode) of the wafer after the above-mentioned heat 
treatment was measured. The Measuring condition of an oxide-film proof-pressure property (C-mode) was 
set to oxide-film thickness:25nm, measuring-electrode :phosphorus dope polish recon, electrode surface 
product:8mm2, and judgment current: lmA/cm2. Generally, a thing 8MV [/cm ] or more is judged for 
dielectric-breakdown electric field to be an excellent article. The measurement result was shown in drawing 
2 . 

[0049] What added heat treatment to the silicon single crystal wafer which doped the nitrogen of this 
invention with rapid heating and quick cooling equipment has [ the excellent article of 8 or more MV/cm ] 
the expensive nxmiber of generation rates also as (ciirvilinear A-D) and which heat treatment ambient 
atmosphere, and it tums out to most serving as an excellent article that the defective with which 8 MV/cm is 
not filled is generated about 70% with a conventional method (curve E). 

[0050] (An example 2, example 2 of a comparison) The diameter of 8 inches, p mold, and five single crystal 
rods of bearing <100> were pulled up on condition that the following table 1 by the CZ process like the 
example 1 and the example 1 of a comparison, and the silicon single crystal mirror plane wafer (a, b, c, d, e) 
of five kinds of 8 inches diameters was produced from this. 
[0051] 
[Table 1] 
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[0052] The number of COP (Crystal Originated Particle) which is the crystal defect considered to be the 
cluster of the atomic hole which exists in the front face about five kinds of obtained wafers was measured. 
COP measurement formed about 0.44-micrometer thermal oxidation film in the wafer front face of a 
measxirement wafer, and after it removed the oxide film by fluoric acid, it coimted it using the particle 
measuring device (the product made from KLA/Tencor, SPl) about COP 0. 10 micrometers or more which 
exists in a wafer front face. If it does in this way, it can measure in the form with which COP which exists in 
the field in about 0.2-micrometer Fukashi from a wafer front face integrated. 

[0053] Moreover, to another lot of five kinds of wafers, after adding heat treatment for 10 seconds at 1200 
degrees C by the mixed-gas ambient atmosphere of hydrogen 50% with an argon 50%, forming about 0.44- 
micrometer thermal oxidation film and removing the oxide film similarly with rapid heating and quick 
cooling equipment (the product made from AST, SHS-2800), COP was measured. In this way, the result of 
the obtained number of COP of each wafer was shown in drawing 4 . 

[0054] The reduction effectiveness of COP by heat treatment clear from drawing 4 according to rapid 
heating and quick cooling equipment as it is is understood that the wafer (a, b, c of drawing 4 ) which doped 
nitrogen is larger compared with the wafer (d of drawing 4 , e) of a non dope. And it turned out that it can 
carry out to three or less [ about 8x104 //cm ] by adding heat treatment by rapid heating and quick cooling 
equipment to the wafer which carried out the nitrogen dope if the number of COP from a wafer front face to 
a depth of 0.2 micrometers is certainly converted into a COP consistency below 500 piece / wafer with a 8 
inch wafer. 

[0055] In addition, this invention is not limited to the above-mentioned operation gestalt. The above- 
mentioned operation gestalt is instantiation, and no matter it may be what thing which has the same 
configuration substantially with the technical thought indicated by the claim of this invention, and does the 
same operation effectiveness so, it is included by the technical range of this invention. 
[0056] for example, MCZ which it faces raising the silicon single crystal rod which doped nitrogen with the 
Czochrlski method in this invention, and it is not asked whether the magnetic field is impressed to melt, and 
impresses the so-called magnetic field to the Czochrlski method of this invention - law is also included. 
[0057] Moreover, by the above, when a content oxygen density was made into hypoxia concentration, it was 
shown that it can consider as a low crystal defect more, but even if this invention is not limited to this but it 
is the case where a metaphor oxygen density is 1 .2 - 1 .5x1 01 8 atoms/cm3 or the hyperoxia concentration 
beyond it, it cannot be overemphasized that it is what has effectiveness. 
[0058] 

[Effect of the Invention] In this invention, since the crystal defect of the surface layer of a wafer can be 
extinguished while controlling growth of the crystal defect in the silicon single crystal produced by the CZ 
process by heat-treating with rapid heating and quick cooling equipment to the silicon single crystal wafer 
which doped nitrogen, it is a sex from Takao and the silicon single crystal wafer of a very low defect can be 
produced easily. 
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* NOTICES * 

JPO and NCIPI are not responsible £or any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 1] 
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[Drawing 2] 
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[Drawing 3] 
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[Drawing 4] 
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